To assess the prevalence of low health literacy among adolescents, young adults, and child caregivers in the United States, the readability of common child-health information, and the relationship between literacy and child health. 
A
T LEAST 1 IN 3 US ADULTS has limited health literacy, 1,2 defined as an individual's "capacity to obtain, process and understand basic health information and services needed to make appropriate health decisions." 3 The 2003 National Assessment of Adult Literacy, which measured the skills of a representative sample of more than 18 000 adults older than 16 years, found that 36% had limited health literacy skills. 4 According this assessment, 78 million US adults are unable to perform basic health tasks such as using an immunization schedule, interpreting a growth chart, or following written instructions to take medication on an empty stomach. Of those 78 million, about 30 million are unable to perform "below basic" health tasks such as dosing an over-thecounter medication, reading a clinic appointment slip, or following written instructions to drink clear liquids.
While health literacy is specifically focused on literacy in the health context, there is a strong correlation between health literacy skills and general literacy skills. Most adults with limited health literacy (66%) have a high-school or college education, 4, 5 but limited health literacy is more common among adults with less than a high-school education, poverty-level income, limited English language proficiency, a learning disability, or a physical disability. 3, 6 Adults with limited literacy skills are also more likely to experience shame, low self-esteem, and limited social support. 7 Several health services researchers have suggested that literacy may be an important mediator of the relationship between socioeconomic inequality and health disparities. 8 After controlling for educational attainment and income, adults with limited health literacy are much more likely to be hospitalized, use urgent health services, and have poor control of chronic illness. [9] [10] [11] [12] [13] Medicare and Medicaid enrollees with limited literacy skills have significantly higher health costs, particularly for emergency services, than enrollees with adequate literacy. 14, 15 It is estimated that health literacyrelated disparities cost the US health care system more than $50 billion per year. 16 Child health disparities may be particularly sensitive to the moderating influences of caregiver literacy skills. Parents, grandparents, and other child caregivers are inundated with a complex set of medical recommendations for the preventive care of infants and young children, including genetic and newborn screening results, immunization schedules, and nutritional guidelines. Health outcomes for children with special health care needs are dependent on each individual caregiver's capacity to understand complicated medical regimens, nutritional regimens, school-system resources, and other health information. Adolescents and young adults are also expected to understand increasingly complex health information, including making their own health decisions, choosing appropriate over-the-counter medications, and enrolling in health care plans.
The evidence for a relationship between literacy and child health outcomes, however, remains unclear. In the developing world, maternal literacy is an important independent predictor of infant mortality, 17 ,18 but we know little about the clinical significance of any association between literacy generally, or health literacy more specifically, and child health in the United States and other developed nations. The purpose of this review is to assess the current state of peer-reviewed literature on literacy as it relates to child health in the United States and, based on this review, to suggest future avenues for clinically meaningful research.
METHODS
To develop a plan for the systematic review, we convened a working group from the American Academy of Pediatrics Health Literacy Project Advisory Committee. The working group agreed on the following key questions for the literature review: (1) What is the state of health-literacy skills among children, adolescents, young adults, and child caregivers in the United States? (2) What is the readability of commonly-used written child health information? (3) Are literacy skills independently associated with child health outcomes? 
LITERATURE SEARCH AND RETRIEVAL PROCESS

EXCLUSION CRITERIA AND QUALITY SCORING
Review articles and studies of media literacy, mental health literacy, dyslexia, reading disorders, or the basic science of reading ability (eg, brain imaging) were excluded. For question 1, we examined only descriptive studies of general population samples that used at least 1 valid measure of health literacy. We defined a general population sample as one that represented a geographic area and that was not limited to subjects with specific clinical diagnoses. For question 2, we examined only studies that assessed the readability of health information related to children or adolescents.
For question 3, we examined only observational or experimental studies that included both a validated measure of health literacy skills (REALM or TOFHLA), literacy skills, or numeracy skills and an assessment of child health-related outcomes that we defined as caregiver health behaviors (including caregiver mental health), child health behaviors, use or quality of child health services, and child health status. Also, for question 3 we assessed the Strength of Evidence for each article based on criteria adapted from West et al. 19 Each study was graded (0,poor; 1,fair; 2,good) on each of the following 7 factors: adequacy of the study population, comparability of subjects, validity and reliability of the literacy measurement, maintenance of comparable groups, validity and reliability of the outcome measurement, appropriateness of statistical analysis, and adequacy of control of confounding. The composite score was converted into the following grading scheme: A (good),a score of 10 to 14; B (fair), 6 to 9; and C (poor), 0 to 5. This scoring system is consistent with a similar system developed for a previous systematic review focused on literacy and health outcomes that included predominantly adult-focused studies. 20 
RESULTS
Of the 1267 articles that met the initial search criteria, 1052 were excluded. The main reasons for exclusion were no original data (48%), no data on the target age population (18%), no measure of literacy skill or readability (12%), and that the study focused on media literacy, mental health literacy, dyslexia, reading disorders, or the basic science of reading ability (12%). For the final review, 16 studies were identified that examined the prevalence of literacy or health literacy in children and caregivers; 6 were identified that measured readability of child health information; and 23 were identified that examined the relationship between literacy and child health outcomes (Figure 1 ).
ESTIMATES OF THE HEALTH LITERACY OF CHILDREN, ADOLESCENTS, AND CAREGIVERS
The most common instruments used to measure health literacy were the REALM and the short form of the TOFHLA (STOFHLA). Eight studies used tests of reading ability that contained no health-related content. None of the validated tools to measure health literacy specifically assessed the skills of attending to the health needs of children, and no tools assess the health literacy skills of children younger than 12 years. [21] [22] [23] [24] Several were brief screening tools with unclear validity or reliability for the child-health setting. [25] [26] [27] [28] Though the STOFHLA is validated in Spanish, some have noted the difficulty of creating health literacy measures that are culturally sensi-tive to the barriers faced by those with limited English language proficiency. 21 Table 1 shows the best estimates of health literacy in children, adolescents, and young adults. Among older adolescents and young adults (aged 16-29 years), the best estimates come from the largest, most comprehensive studies: the National Adult Literacy Survey and the National Assessment of Adult Literacy, which indicate that between 31% and 37% of US adults have low health literacy skills. According to the National Assessment of Adult Literacy, 1 in 10 young adults cannot complete "below basic" health literacy tasks such as using the dosage chart on an over-the-counter medication, and more than 1 in 3 cannot complete basic health literacy tasks such as using an immunization schedule. 29 Other regional studies have found the prevalence of low health literacy among young adults and caregivers of young children to vary from 10% to 40%. 3, 4, 6, 26, 28, [30] [31] [32] [33] [34] [35] Data on the health literacy of young children is difficult to gather, but as early as first grade about 1 in 3 children are identified by state and national tests as reading below grade level. 36 Also of note, pediatric providers have been shown to overestimate the health literacy of the families they serve. Table 2 shows the peer-reviewed studies documenting the readability of child health information. The Centers for Disease Control's polio vaccine information pamphlet reads at the fifth-grade level. 38 Asthma action plans are written at a median eighth-grade level (range, fifth to ninth grade). 39 Most internet health information for parents is written far above the 10th-grade level. 40 Caregiver information brochures produced by the American Academy of Pediatrics and the Injury Prevention Program are written at the 10th-grade level (range, 6th to 16th grade). 41, 42 Caregiver information brochures for the expanded newborn screening program are written at the 10th-grade level (range, 9th to 12th grade). 43, 44 Twenty-six states have enrollment forms for the State Children's Health Insurance Program that are written above the 10th-grade level. 45 Table 3 shows the peer-reviewed studies demonstrating associations between literacy and child health outcomes. Study designs included cross-sectional studies, cohort studies, case-control studies, and randomized controlled trials. The number of participants enrolled varied from 38 to 19 000. Most studies referenced the socioeconomic status of the study sample and included socioeconomic status in a multivariate analysis.
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READABILITY OF CHILD HEALTH INFORMATION
LITERACY AND CHILD HEALTH OUTCOMES
CAREGIVER HEALTH AND HEALTH BEHAVIORS
Several studies have demonstrated a strong independent relationship between low maternal literacy and increased rates of maternal depressive symptoms and decreased breastfeeding. One intervention trial and 2 cross-sectional studies document a strong independent relationship between maternal depression and maternal literacy skills. [46] [47] [48] Caregiver depressive symptoms decreased in 1 study of an intervention that focused on improving family literacy skills. 49 One study showed a strong association between low health literacy and a significantly decreased likelihood (relative risk, 0.4) of exclusive breastfeeding at 2 months postpartum. 35 Few other parenting or preventive care behaviors are clearly and independently associated with caregiver literacy skills. In one study, parents with limited literacy skills were no more likely to smoke than parents with adequate literacy, 32 while another poorly described study suggests an association between decreased health literacy and maternal smoking rates. 50 In an intervention trial of adults with known intellectual disabilities, home safety behaviors improved more significantly in caregivers with better reading skills. 51 Dosing over-the-counter medication is significantly more difficult for caregivers with limited literacy or numeracy skills. In a randomized controlled trial, caregivers with limited literacy were more likely to inappropriately dose medications by using spoons, cups, and other nonstandard dosing instruments. 52, 53 Another multisite WWW.ARCHPEDIATRICS.COM 133 study found that many caregivers of infant children have trouble understanding medication or powdered formula mixing instructions. For example, more than onethird had difficulty dosing liquid acetaminophen with the assistance of a dosing chart. 54 Poorer caregiver understanding of medication or other health-related instructions was significantly correlated with lower literacy or numeracy skills. 55 
CHILD HEALTH BEHAVIORS
Adolescent health behaviors are strongly associated with adolescent literacy skills. Four studies provide good evidence that children and adolescents who read below grade level, compared with children who read at or above grade level, are at increased risk for violent and aggressive behavior. [56] [57] [58] [59] Two other studies demonstrate an associa- Abbreviations: C-C, case-control; CI, confidence interval; C-S, cross-sectional; OR, odds ratio; OTC, over-the-counter; P-cohort, prospective cohort; R-cohort, retrospective cohort; RCT, randomized clinical trial; REALM, Rapid Estimate of Adult Literacy in Medicine; RR, relative risk; SES, socioeconomic status; T1DM, type 1 diabetes mellitus; TABE, Test of Adult Basic Education; WRAT, Wide Range Achievement Test.
a Strength of Evidence criteria were adapted from West et al. 19 Each study was assessed according to the adequacy of study population, comparability of subjects, validity and reliability of the literacy measurement, maintenance of comparable groups, appropriateness of the outcome measurement, appropriateness of statistical analysis, and adequacy of control of confounding.
b Control in a multivariate analysis for at least 1 measure of socioeconomic status (eg, education, income). 
USE AND QUALITY OF CHILD HEALTH SERVICES
There is conflicting evidence about the relationship between caregiver literacy and use of child health services, especially in the context of special health care needs. In one study, children of caregivers with low health literacy were found to have decreased access to primary health care and greater unmet health care needs, 61 but in another, children of caregivers with low health literacy were no more likely to use emergency health services than children of caregivers with adequate health literacy. 62 In a study of children with asthma, emergency department visits and hospitalizations were more likely for children with low-literacy caregivers, 63 but in another well-designed study of a similar population, there was no significant association between caregiver literacy and child use of urgent asthma care. 64 Though the clinical implications are unclear, parents with low literacy are more likely than those with adequate literacy to report satisfaction with their relationship with the pediatric provider.
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CHILD CHRONIC ILLNESS OUTCOMES
Studies directly assessing child health status indicate that children with chronic illness may be at greater risk for poor health outcomes if their caregiver has limited literacy skills. In 2 small studies of children with diabetes, those who had caregivers with low literacy had worse glycemic control. 66, 67 In a larger study of children with asthma, after controlling for socioeconomic factors and illness severity, caregivers with low literacy were more likely to judge their children as having fair or poor health.
COMMENT
Based on this review of the literature, we found significant evidence of limited health literacy skills in the households of young children and significant evidence that most written child health information remains too complex for most US adults to understand. More than 1 in 3 young adults of child-bearing age has limited health literacy. Despite clear standards for developing and delivering lowliteracy health information 68, 69 and specific advice from parents with limited health literacy to make materials more clear, 43, 70 most written child health information is written above the eighth-grade level-the median grade level of US adults. 71 We found limited evidence, however, for a consistent independent relationship between literacy skills and child health outcomes. In fact, only 2 studies examined the relationship between literacy skills and child health status. Still, adjusting for socioeconomic status, adults with low health literacy are between 1.2 and 4 times more likely to exhibit negative parenting or child preventive care behaviors, including maternal depression, errors in dosing child medication, and decreased use of preventivecare services. Adolescents with low literacy skills are twice as likely to exhibit antisocial or aggressive behavior, and some studies suggest they are more likely to participate in other risky health behaviors, including substance use and unsafe sexual practices. There are also independent but less consistently documented associations between low caregiver literacy skills and negative child health outcomes among children with asthma and type 1 diabetes.
Several limitations apply to this systematic review. Its conclusions are limited to the quality and availability of peer-reviewed literature. Comparison across studies is made difficult by the variation in measures of health literacy, health outcomes, and the cut points chosen for each study's analyses. Most studies were cross-sectional, preventing any inferences about causality. Sample sizes and study settings varied considerably, making it difficult to account for variability due to selection bias and to generalize study findings.
Nonetheless, this review supports the hypothesis that caregiver literacy may serve as an important modifiable factor influencing child health disparities. As a result of mounting evidence about the influence of literacy on health outcomes, the Institute of Medicine has identified health literacy as one of the most important cross-cutting themes in efforts to address health disparities, patient safety, and quality improvement. 2, [72] [73] [74] The US Department of Health and Human Services includes health literacy in 5 of the 6 health communications objectives for Healthy People 2010. 75 The Joint Commission issued recommendations for hospitals to create accommodations for those with limited health literacy as part of patient safety improvement. 76 The American Medical Association has sponsored a nationwide physician training initiative to address health literacy, 77 and the American Academy of Pediatrics will soon publish a guidebook on health literacy.
For families with limited health literacy, the complexity of health information may present significant barriers to accessing child health care, threats to child safety, and hurdles to effective management of special health care needs. 78, 79 To advance our understanding of the clinical significance of literacy in the pediatric context, this review highlights several areas that should be addressed in future research.
BETTER MEASURES OF HEALTH LITERACY IN CHILD HEALTH
Most tools to measure health literacy are inadequate because they measure only word recognition or reading ability, to the exclusion of the other components of health literacy, which include numeracy skills, oral skills, and navigational skills. Few scales have been developed to specifically assess health literacy in the child-health environment. The REALM-Teen is a word recognition test for adolescents and an adaptation of the REALM. 23 A Pediatric Health Activities Test has recently been validated to assess parental health literacy and numeracy skills related to the care of infant children. 53 Two scales have recently been developed to assess diabetes-related numeracy in adolescents with diabetes or parents of younger children with diabetes. New measures of pediatric health literacy should take into account the developmental context of child health care and the special health needs of children. Because the health literacy skill set changes along a developmental continuum from childhood through young adulthood, measurement tools should take into account the age and developmental stage of those being assessed (Table 4) . Also, measures of pediatric health literacy skills should be specific to child health needs. Most children and their caregivers, for example, benefit from a set of health literacy skills adequate to meet common preventive health needs (eg, nutrition, development, home safety, vision and lead screening, immunizations) and common acute health needs (eg, fever, dehydration, upper respiratory tract infections, sexually transmitted infections). At least 1 in 10 children and their families, however, require special health literacy skills to meet special health care needs (eg, adherence to chronic medication regimens, frequent blood glucose monitoring, care of tracheostomy or gastrostomy tubes, seizures, pain crises). Little is known, for example, about the influence of adults' health literacy on their children's health literacy 81, 82 or about the cognitive capacity, efficacy, and safety of children managing their own special health care needs. [83] [84] [85] 
INTERDISCIPLINARY COLLABORATION
Better measures of pediatric health literacy could help contribute to an interdisciplinary model that places health literacy in the context of other social determinants of child health, such as that suggested in Figure 2 . 86, 87 Given the dependence of children on many caregivers, studies of pediatric health literacy may want to consider the "collective health literacy" of all people responsible for that child's health care-including the child, parents, siblings, family members, school staff, and others-as a form of social capital.
To better understand the role of literacy in child health, interdisciplinary collaboration is needed across many fields, including sociology, public health, education, psychology, nursing, pharmacy, health communications, health informatics, health services research, social marketing, and health economics. Most of this scholarly work can be integrated into conventional health research settings such as large hospital systems or clinical research networks. This review suggests that the most clinically significant associations between health literacy and child health occur in the settings of highest clinical demand, especially newborn care and the care of children with special health care needs.
INTERVENTION RESEARCH
Both targeted and population-based interventions should be developed to address health literacy-based disparities in child health. In addition to clinical research, pediatric health research should involve communitybased, participatory research in nonclinical settings, including postpartum home visits, early child care centers, kindergarten through 12th-grade classrooms, adult education classrooms, out-of-school programs, and parenting programs. At least 4 categories of intervention could be subjected to rigorous evaluation that includes measures of both health literacy and child health outcomes: (1) reducing the complexity of child health information (eg, pictograms, interactive video) [88] [89] [90] [91] [92] [93] [94] ; (2) enhancing shared decision-making and communication skills of child health professionals [95] [96] [97] [98] [99] [100] ; (3) easing a family's navigation of the child health system (eg, patient navigators, telephone systems, waiting-room kiosks) 101, 102 ; and (4) directly improving the health literacy of children and their caregivers (eg, postpartum nurse home visits, kindergarten through 12th-grade curricula, adult skills education).
103,104
CONCLUSION
Addressing health literacy should be part of any effective framework for improving the delivery of quality child health services. Research in pediatric health literacy, however, is in its infancy. This review of the literature points to gaps in knowledge, especially regarding the normal progression of health literacy skills from childhood through parenthood, the relationship between health literacy and child health outcomes, and the most effective interventions for addressing health literacy in the pediatric setting. Child health care providers, researchers, and policy makers can work together to fill these gaps with innovative multidisciplinary approaches designed to increase the collective health literacy of the nation's children and families. 
